INTRODUCTION {#s1}
============

The rapid scale-up of antiretroviral therapy (ART) HIV treatment in low- and middle-income countries has led to a substantial decrease in morbidity and mortality, averting nearly 4.2 million deaths in the decade from 2002 to 2012.[@R1] Although mortality rates (MRs) remain higher in HIV-positive adults than in those without HIV, this difference is decreasing,[@R2] and data from Rwanda,[@R3] Uganda,[@R4] and South African cohorts[@R5] have shown that HIV-positive adults can achieve near-normal life expectancies with timely ART initiation. In South Africa, substantial gains in population-level adult life expectancy have been attributed to ART rollout since 2004.[@R6],[@R7]

These gains are remarkable and attest to the success of one of the most effective public health programs in history. Still, in resource-limited settings, 1-year mortality in patients who start ART averages approximately 10% with decreasing rates thereafter.[@R8]--[@R12] Although this has been remarkably consistent across settings, there has been little ability to reduce this early mortality.

Patient attrition and late appearance for treatment are likely contributing to early mortality,[@R13],[@R14] yet record-keeping and mortality assessment from observational cohorts rarely allow differentiating what percentage of mortality occurs in care or among patients lost to follow-up (LTF). With more than 2.2 million people on treatment,[@R1] South Africa provides a unique place to try to answer this question as roughly 94% of all adult deaths among citizens are detected by the National Population Register (NPR).[@R15] This makes it possible to independently estimate mortality in patients who are lost from care[@R16]--[@R18] or transferred out.[@R18] In this study, we aimed to compare mortality in patients in care and lost after treatment initiation and assess the sensitivity of estimates to different definitions of LTF.

METHODS {#s2}
=======

Study Site {#s2-1}
----------

We used prospectively collected data from the Themba Lethu Clinic in Johannesburg, South Africa.[@R19] Themba Lethu is a large public-sector ART clinic that has enrolled nearly 38,000 HIV-positive patients in care since April 2004, of whom more than 29,000 have initiated ART. All clinical and demographic data, laboratory test results, medications, and patient visits are captured in real time using an electronic patient management system, TherapyEdge-HIV.

Care at Themba Lethu follows national ART guidelines.[@R20]--[@R22] From 2004 until March 2010, adults initiated ART with a CD4 count \<200 cells per cubic millimeter or a WHO stage IV condition. In April 2010, treatment eligibility expanded for pregnant women and tuberculosis (TB) coinfected patients to a CD4 count \<350 cells per cubic millimeter and in 2011 to all patients with a CD4 count \<350 cells per cubic millimeter and patients with multi- or extensively drug-resistant TB regardless of CD4.

Antiretroviral medications are collected at monthly pharmacy visits (2004 guidelines) or monthly for the first 6--12 months and every 2 months thereafter if stable (2010 guidelines). Up to 3 attempts are made by phone to contact patients who miss 2 consecutive scheduled visits to try to return them to care or determine their vital status. To help prevent missed visits, an mHealth solution was implemented at the clinic in April 2008, which provides patients with reminders for the scheduled clinic visits and also enables patients to make contact with the clinic using a free SMS to change their appointment. We estimate that this is used by up to 15% of patients to change their appointment.

Study Population {#s2-2}
----------------

This cohort analysis assessed mortality among nonpregnant ART-naive adults (≥18 years) initiating first-line ART between April 2004 and May 2012 at Themba Lethu. Only patients with valid national identity numbers (IDs) were included and mortality was ascertained from the NPR. Because deaths take up to 6 months to be recorded in the death register, we closed the data set on December 31, 2012, 6 months before registry linkage.

Study Variables {#s2-3}
---------------

The exposure variable for the analysis was in care status (either in care or LTF). Our primary outcome was mortality.

We compared MRs after treatment initiation stratified by person-time in care and person-time lost. Although lost is often defined in clinics and research studies as ≥3 months late for a scheduled visit, several authors have shown that the chosen definition of lost can impact results,[@R23]--[@R25] so we assessed this by varying the definition of lost from ≥1 day late for a scheduled visit to ≥6 months late. Person-time in care began at ART initiation or restarting ART after loss and ended at the earliest of LTF, death, or censoring (ie, transfer date or data set closure). Person-time lost accrued from date of loss until the earliest of restarting ART, death, or censoring. Using this approach, patients could contribute person-time to both the in care and lost groups, and individual patients could be considered lost on multiple occasions as they leave care temporarily before returning at a later date (see Figure S1, Supplemental Digital Content, <http://links.lww.com/QAI/A714>).

Statistical Methods {#s2-4}
-------------------

Baseline clinical characteristics and mortality were stratified by in care status and were summarized with descriptive statistics. We calculated MRs in care and lost (presented overall and separately for months 1--12, 13--24, and 1--24 after ART initiation) with corresponding MR differences, attributable-risk percent (AR%) among those lost, and population attributable-risk percent (PAR%) with 95% confidence intervals (CIs). The AR% among the exposed refers to the fraction of deaths among the exposed (lost) that would not have occurred if the exposure had not occurred. In other words, if we assume a causal association between loss and death, then AR% is the proportion of deaths among those lost that could be eliminated if patients always remained in care:

By contrast, the PAR% refers to the proportion of all deaths (among those lost and in care) that can be attributed to loss from care and could be prevented if patients always remained in care[@R26]:

The relation between in care status and all-cause mortality was estimated with Cox proportional hazards models. Predictors of mortality were also estimated after stratifying by in care status. Hazard ratios (HRs) were adjusted for baseline covariates, including sex, age, CD4 count, body mass index, hemoglobin level, first-line ART regimen, ART start year, and TB coinfection.

Ethics {#s2-5}
------

Retrospective analysis of the Themba Lethu cohort data set and linkage of these data with the NPR were approved by the Human Research Ethics Committee of the University of the Witwatersrand. Boston University provided permission for analysis of deidentified data.

RESULTS {#s3}
=======

A total of 18,483 patients initiated ART during the study period, of whom 12,222 (66.1%) had valid national IDs. Of these, 61.9% were female, median age was 37.2 years (interquartile range \[IQR\]: 31.8--43.8), and median CD4 count was 98 cells per cubic millimeter (IQR: 37--173) (Table [1](#T1){ref-type="table"}). Patients were followed for a total of 43,378 person-years (py) (median 3.2 py, IQR 1.4--5.5) during which time 14.6% (1784/12,222) of patients died (Table [2](#T2){ref-type="table"}). The overall MR was 41.1 deaths/1000 py (95% CI: 39.3 to 43.1), but it was substantially higher in the first year after ART initiation (96.2 deaths/1000 py, 95% CI: 90.5 to 102.4) than it was in the second year (31.2 deaths/1000 py, 95% CI: 27.6 to 35.2) (Supplementary Appendix Table S1 <http://links.lww.com/QAI/A714>). High early mortality was observed, with 47% (831/1784) of deaths occurring before a patient\'s last scheduled visit and another 18% (329/1784) of deaths occurring within 1 month after this date.
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With loss defined as ≥3 months late for a scheduled visit, nearly 76% (1350/1784) of all deaths were considered to have occurred in care. Being lost accounted for a minority of overall deaths (AR%: 58.7%, 95% CI: 54.0 to 63.0 and PAR%: 14.3%, 95% CI: 12.1 to 16.6). However, in terms of rates, mortality was higher in patients lost (85.4 deaths/1000 py, 95% CI: 77.7 to 93.8) than in care (35.3 deaths/1000 py, 95% CI: 33.4 to 37.2). In adjusted analyses, individuals lost had 2.04 times higher mortality than those in care \[adjusted HR (aHR): 2.04; 1.80--2.31\]. A stratified analysis of predictors of death showed that low CD4 count at baseline was predictive of death among those in care and lost, although several baseline covariates were predictive of death only among those in care, including being male (aHR: 1.40; 1.23--1.61), more than 50 years of age (aHR: 2.07; 1.63--2.62), having a body mass index less than 18.5 kg/m^2^ (aHR: 1.62; 1.41--1.87) and having severe anemia (aHR: 3.62; 2.83--4.63) (Supplementary Appendix Table S2 <http://links.lww.com/QAI/A714>). As might be expected, the duration of time spent lost increased the proportion of patients who had died, with nearly 53% of patients lost in 2005 having died compared with just 11% in 2011.

As the definition of loss is varied from ≥1 day late to ≥6 months late for a scheduled visit, we found a shrinking minority of overall deaths could be attributed to loss from ART care (PAR% decreased from 43% to 10%). Additionally, the MR in patients lost decreased and the MR in patients in care increased (Table [2](#T2){ref-type="table"}). However, mortality in patients lost (range: 79--128 deaths/1000 py) remained much higher than in patients in care (range: 24--37 deaths/1000 py) across all definitions of loss.

DISCUSSION {#s4}
==========

Understanding the timing of mortality of patients in care is critical to taking action to improve outcomes. Investigations of long-term retention in ART care have documented high rates of LTF, with considerable variation between countries.[@R13],[@R28],[@R29] A recent review of 31 South African ART cohorts found the proportion of patients retained 12 months after ART initiation was 83% overall, falling to 77% after 24 months, and 62% after 60 months, with 40% of attrition because of deaths and 60% because of LTF.[@R30] Although some patients who leave care will seek treatment elsewhere, mortality remains high among patients considered LTF,[@R16],[@R17] and our finding that 36% of deaths off ART occur within 6 months of loss is consistent with other studies.[@R31]

Our findings confirm that although MRs in patients lost are much higher than in care, most ART-related mortality occurs while patients are still in care. The high early mortality observed suggests that death is more likely to lead to loss from care than the reverse, yet what happens in the short window around loss remains unknown. It is possible that critically ill patients, sensing that death is near, simply leave care to return home or are unable to make it to the clinic. Interviews with family or other reliable informants close to the patient could help shed light on this issue.

As may be expected, using longer definitions of loss results in a greater proportion of deaths being classified as deaths in care, resulting in a decreasing hazard of death among patients lost. With loss defined as ≥3 months late for a scheduled visit, we found nearly 19% of patients lost died, less than half of the combined mortality reported in a systematic review,[@R31] suggesting patients classified as lost in our cohort may be more likely to transfer into care at other clinics or are healthier when leaving care. However, without a universal definition for classifying patients as LTF, it is difficult to compare programs performance, including rates of loss and subsequent mortality, between facilities or cohorts. Efforts to standardize definitions of lost have found that defining loss as ≥180 days because the last clinic encounter minimizes the misclassification of loss,[@R23] although this definition may not be ideal for patient management or the guiding of tracing activities. Our analysis shows relatively stable estimates of loss and subsequent MRs when the definition of loss is varied between 2 and 6 months late for a scheduled visit. To improve patient management and recall efforts, it may therefore be preferable to use a shorter definition of loss such as ≥2 months late for a scheduled visit, although other authors have stressed the importance of choosing a definition based on outcomes of interest, available visit data, and visit schedules.[@R25]

Limitations of this study likely include differential misclassification of exposure status and nondifferential misclassification of death. Active tracing programs have found that nearly a fifth of patients suspected of being lost are in fact alive and in care (self-transfers),[@R27] and it is likely that some patients classified as lost in our cohort also remain in care. Likewise, unrecorded early deaths may lead to patients being misclassified as lost. These two phenomena are likely to bias our HR estimates toward the null. However, because ascertainment of death is achieved through linkage with the NPR, which is highly sensitive, only a small proportion of deaths may not be recorded. Although patients without valid national IDs were not included in our study, they have been identified as more likely to drop out of care than patients with valid national IDs,[@R32] making it likely that overall MRs are even higher in this group.

In South Africa, there are signs that patients who started ART more recently may be more likely to be lost than those who initiated in earlier years,[@R9],[@R10],[@R33] although some authors have pointed out that much of this trend may be attributed to bias.[@R34] If genuine, this trend may reflect a decreasing capacity to adequately support patients in the long term as ART treatment programs expand, or it could be that earlier treatment initiation, as recommended in recent treatment guidelines, is associated with greater loss from care. With access to treatment expanding, it could also be that patients are more likely to self-transfer (leading to misclassification of loss) than was true in earlier years. These questions stress the importance of continued careful monitoring of the relationship between mortality and retention in ART care.
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